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(si) Elevator driven by a flat linear motor. 

(57) An elevator (10) is driven by a linear motor 
having an elongated flat secondary element (28) 
disposed in parallel to a hoistway (24) and 
extending along the length thereof, the secon- 
dary element (28) being supported by an edge 
portion (82) thereof by a support (20). The linear 
motor has a first primary element (30) disposed 
on one side of the flat secondary element, and a 
second primary element (32) disposed on the 
other side of the flat secondary element. A 
housing (26) supports each primary element 
adjacent a face of the secondary element The 
housing has an opening through which the 
support of the secondary element passes. The 
housing includes a counterweight assembly 
(36,40) disposed at either end thereof. 
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This invention relates to elevators, and more par- 
ticularly to an elevator driven by a flat linear motor. 

A traction elevator car is supported by a wire rope 
which is attached at a first end to an elevator car and 
at a second end to a counterweight. The rope passes 5 
over a sheave which is driven by an electric motor. 
The motor raises or lowers the elevator car by traction 
forces generated between the wire rope and the 
sheave. 

Usually, the drive sheave and electric motor are 10 
arranged above the elevator car in a machine room. 
In buildings, where space is at a premium, machine 
rooms are not desirable. 

Hydraulic elevators are driven by a piston. The 
piston is usually disposed within a pit beneath the car, 15 
thereby obviating the need for a machine room. Build- 
ing the pit ang; maintaining the piston therein is rela- 
tively time consuming and expensive, however. 
Hydraulic elevators have other drawbacks relative to 
traction elevators: the rise of the car is limited by the 20 
lenght of the piston; the speed of travel is inferior; and 
the weight of the car is not offset by a counterweight 
and therefore, hydraulic elevators utilize far more 
energy. 

In our European Patent 048847 an elevator is 25 
shown that is driven by a linear motor comprised of a 
tubular primary element disposed around a tubular 
secondary element. The linear motor does not require 
a machine room, as required by a traction elevator, 
and has no pit, as required by an hydraulic elevator. 30 
The linear motor is also energy efficient, may have a 
higher rise and is fast relative to an hydraulic elevator. 
However, it has been found, to date, that it is imprac- 
tical to hang a tubular secondary element over a gre- 
ater number of stories, thereby limiting the rise thereof 35 
as compared to a roped elevator. 

It is an object of the invention to provide an 
elevator which minimizes the space required by a 
machine room. 

It is a further object of the invention to provide an 40 
elevator having relatively low energy consumption. 

It is a further object of the invention to provide an 
elevator having a relatively high rise. 

It is a further object of the invention to provide an 
elevator having a relatively high speed. 45 

According to the invention, there is provided an 
elevator for use within a hoistway, said elevator com- 
prising: 

an elevator for use within a hoistway, said 
elevator comprising: 50 
a car, 

a motor comprising: 
a secondary assembly having: 

a support attaching to said hoistway and 
extending therefrom and, 55 

a flat secondary element supported by "' " 
an edge thereof from said support, said secondary 
element having a first side and a second side, and 


a primary assembly having: 
a first primary element disposed adja- 
cent said first side, and being separated from said first 
side by an air gap, and 

a second primary element disposed 
adjacent said second side, and being separated from 
said second side by an air gap, and 

a rope attaching to said car and to said primary 
assembly such that motion of said primary assembly 
induces concomitant motion of said car. 

According further to the invention, a housing or 
frame may support each primary element adjacent a 
face of the secondary element. The housing may have 
an opening through which the support of the secon- 
dary element passes. 

According to the invention, the frame includes a 
counterweight assembly disposed at either end 
thereof. 

According further to the invention, a plurality of 
guide rollers may be disposed between each of the 
pair of sides and the secondary element, to maintain 
an air gap between each primary element and the sec- 
ondary element. 

According to another aspect of the invention there 
is provided 

a motor for providing motive force to an 
elevator disposed within a hoistway, said motor com- 
prising: 

a secondary assembly having; 

a support attaching to said hoistway and 
extending therefrom, and 

a flat secondary element supported by an 
edge thereof from said support, said secondary ele- 
ment having a first side and a second side, and 
a primary assembly having; 

a first primary element disposed adjacent 
said first side, and being separated from said first side 
by an air gap, and 

a second primary element disposed adja- 
cent said second side, and being separated from said 
second side by an air gap. 

These an other objects, features, and advantages 
of the present invention will become more apparent in 
the light of the following detailed description of a pre- 
ferred embodiment thereof, given by way of example 
only with reference to the accompanying drawings 
wherein: 

Figure 1 is a perspective view partially broken 
away of an elevator driven by a flat linear motor 
of the invention; 

Figure 2 is a front view in perspective and partially 
broken away of the flat linear motor of Figure 1 ; 
Figure 3 is a back view in perspective and par- 
tially broken away of the flat linear motor of Figure 
1; 

Figure 4 is a schematic view of typical paths and 
locations for currents and forces as may be 
utilized by the linear motor of Figure 1 ; 


3 


EP 0 503 980 A1 


4 


Figure 5 is a perspective view of a portion of the 
linear motor of Figure 1: and, 
Figure 6 is a perspective view of a portion of the 
linear motor of Figure 1. 

Referring to Figure 1, an elevator 10 employing 
an embodiment of a flat linear motor 12 of the inven- 
tion is shown. The elevator consists of a car 14, ropes 
1 6, idler sheaves 1 8, flat linear motor 1 2, a secondary 
support 20, and a pair of T-shaped guide rails 22 
which extend the length of the elevator rise in the 
hoistway 24. The ropes attach at a first end thereof to 
the car, extend over the idler sheaves, and attach at 
a second end thereof to the flat linear motor. The 
ropes are attached to the linear motor. As one of ordi- 
nary skill in the art will readily appreciate, the ropes 
are attached, as closely as possible, over the centers 
of gravity, thrust and braking (not shown) of the linear 
motor. y 

Referring to Figs. 2 and 3, the linear motor is com- 
prised of a housing or frame 26, a secondary element 
28, a first primary element 30, a second primary ele- 
ment 32, and counterweights 34. 

The frame 26, which is constructed of structural 
steel, or the like, has: atone end portion thereof, a first 
counterweight assembly 36; at a median portion 
thereof, a primary assembly 38; and at a second end 
portion thereof, a second counterweight assembly 40. 

A guide assembly 42, which guides the housing 
up and down the hoistway 24, is attached to each of 
the ^counterweight assemblies 36, 40. Each guide 
assembly is comprised of a channel 44 having a U- 
shaped cross section. The channel also has, dis- 
posed at upper and lower portions thereof, a set of 
three guide rollers 46, as are known in the art, for 
engaging the T-shaped guide rail 22. 

Each counterweight assembly 36, 40 is com- 
prised of: a pair of opposed channel sections 48 which 
have a U-shaped cross-section, each channel section 
having an open portion 50, each open portion facing 
the other open portion of the other channel section so 
that a lead weight 34 (or the like) may be received and 
retained between the sections; and a base portion 52 
having a U-shaped cross-section (not shown) which 
connects the channel sections 48 for retaining the 
weights within a bottom portion 54 of each counter- 
weight assembly. 

The primary assembly 38 is comprised of: a first 
upper cross-piece 56 and a first lower cross-piece 58, 
each cross-piece attaching to and connecting the first 
and second counterweight assemblies 36, 40 (see 
Fig. 2), a second upper cross-piece 60 and a second 
lower cross-piece 62 (see Fig. 3), each of the second 
cross-pieces extending from the first counterweight 
assembly 36 towards, but not reaching the second 
counterweight assembly 40; a post 64 extending ver- 
tically from the cantilevered end portions 66 of said 
second upper cross-piece 60 and said second lower 
cross-piece 62; and a pair of mainstays 68, each 
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mainstay extending from an upper cross-piece to a 
lower cross-piece at a median portion thereof (see 
Figs. 2 and 3). Because the second upper cross-piece 
60, the second lower cross-piece 62, and the post 64 

5 do not reach the second counterweight assembly 40, 
an opening 69 exists for receiving a secondary sup- 
port, as will be discussed infra. 

Each of the first and second upper cross-pieces 
56, 60 and the first and second lower cross-pieces 58, 

10 62, has a first guide roller 70 and a second guide roller 
72 attached thereto. The first guide rollers 70 are 
attached to the cross-pieces adjacent the first coun- 
terweight assembly 36 and engage bus bar 74. The 
second guide rollers 72 are attached to the cross-pie- 

15 ces adjacent the second counterweight assembly and 
engage the secondary support 20 as will be discussed 
infra. Each guide roller is utilized to maintain an air 
gap between each primary element 30, 32~and the 
secondary element 28. 

20 Each primary element 30,32, which are discus- 

sed infra, is affixed to a mainstay 68 by welding. Each 
mainstay strengthens and stiffens each primary ele- 
ment against deflection due to magnetic and other 
dynamic loads. Deflection of the primary elements 

25 must be minimized to maintain air gaps between each 
primary element and the secondary element thereby 
minimizing the potential for interference therebet- 
ween. Each mainstay also transmits the loads and for- 
ces within the motor assembly to the housing 26. As 

30 a result, the housing (and the car 14 via ropes 1 6) may 
be driven upwardly and downwardly by operation of 
the motor. 

Each primary element of the motor is composed 
of a magnetic flux-carrying core material, such as 

35 steel in laminated form (shown as solid for ease of 
depiction in Figs. 1-3), as is known in the art. The lami- 
nations are arranged vertically along the direction of 
travel of the linear motor. The laminations are com- 
pressed together by means of brackets 76 (see Fig. 

40 6) and then welded to the mainstay 68 through the 
openings 77. 

Current carrying coils 78 are situated within slots 
(not shown) in the laminations as is known in the art. 
Each primary element contains a plurality of current 

45 carrying coils, one set for each phase of excitation 
and one or more sets per magnetic pole. Interconnec- 
tions are made between coils as is common in the art 
of motor construction. 

Referring to Fig. 5, the secondary element 28, 

so which may be comprised of a conductive, non-magne- 
tic, material such as aluminium, copper, an alloy 
thereof, or the like, is segmented into rectangular 
pieces 80 of manageable size and weight for ease of 
installation. Each secondary element has a first and 

55 second side corresponding to the first and second 
primary elements 30, 32. A first longitudinal edge por- 
tion 82 of each segment is supported by the secon- 
dary support 20 as will be discussed infra. A second 

3 


5 


EP 0 503 980 A1 


6 


longitudinal edge portion 84 of each segment is 
enclosed by a first bus bar 74. 

The first bus bar 74, which is constructed of a non- 
magnetic, conductive material, such as aluminum, 
has an elongated slot 86 (see also Figs. 2 and 3) for 5 
conductively receiving the second longitudinal edge 
portion 84 of each segment 80. The first bus bar is 
attached to the secondary element by means of con- 
ductive screws 88 or the like which may be counter- 
sunk or machined to be flush with the surface of the 10 
first bus bar to avoid damaging the first guide rollers 
70 which travel thereon. As with the secondary ele- 
ment, the first bus bar is sectioned for ease of instal- 
lation. 

Joints 90 between adjacent sections of the first 15 
bus bar do not coincide with the joints 92 between 
adjacent segments of the secondary element 28 so 
that current induced in the secondary element may 
flow between adjacent segments of the secondary 
element Joints 90 between adjacent sections of the 20 
first bus bar are not as critical as joints 92 between 
secondary element segments because current is free 
to flow along the secondary element at the first bus 
bar section joints. 

The first bus bar 74 provides several advantages: 25 
a highly conductive surface is provided to conduct 
current between adjacent segments of the secondary 
element thereby increasing motor efficiency and mini- 
mizing losses; structural rigidity is provided between 
adjacent segments of the secondary elements; and, 30 
a wear surface is provided for the guide rollers 70 
which maintain the air gap between the primary ele- 
ments and the secondary element. 

Structural rigidity of the adjacent segments is par- 
ticularly important in maintaining the required air gap 35 
between the secondary element and the primary ele- 
ments. If the segments move relative to each other, 
the required air gap may not be maintained. By con- 
structing the first bus bar and the segments of the sec- 
ondary element of aluminum, the overall weight of the 40 
secondary element is minimized. As a result, the 
weight of the support structure may be minimized 
thereby minimizing the structural weight supporting 
requirements of the hoistway. 

A highly conductive second bus bar 93, having a 45 
rectangular shape, is disposed along the first and sec- 
ond sides of each secondary element 80 across the 
joints 92 therebetween. The second bus bars are dis- 
posed within the secondary support 20, as will be dis- 
cussed infra. The second bus bars function similarly 50 
to the first bus bar to conduct current across each joint 
as will be discussed infra. 

The secondary support 20 is comprised of an I- 
beam 94, a rectangular first plate 96 and a rectangular 
second plate 98, all of which are segmented and 55 
extend along the length of the hoistway. 

The I-beam has a first face 100, which attaches 
by conventional means to the hoistway, and a second 


face 102 which attaches to the first and second rec- 
tangular plates 96, 98 and each segment 80 of the 
secondary elements as follows. The first longitudinal 
edge portion 82 of each segment of the secondary 
element is sandwiched by the pair of plates 96, 98. A 
plurality of connectors 108, such as bolts or the like, 
extend through each plate, the secondary element 28 
and the second face 1 02 of the I-beam to secure the 
parts to each other. As with the first bus bar 74, seg- 
ments of the plates overlap the joints 92 between 
adjacent segments of the secondary elements to con- 
duct current across the joints by means of the second 
bus bars 93. 

Each plate 96, 98 has, at or a mid-point thereof, 
a rectangular groove. The groove has a tight fit with 
each second bus bar 93 such that when the plates are 
coupled together by means of connectors 108, the 
second bus bar is securely held against adjacent sec- 
ondary segments 80 to efficiently conduct current 
across the joint 92. 

The plates and the I-beam are constructed of 
structural steel to adequately support the secondary 
element The first and second plate also provide a sur- 
face for the second guide rollers 72 which help main- 
tain the air gap between the primary elements and the 
secondary element 

Referring to Fig. 4, three phase AC current (I) 
excites the coils, as is know in the art, thereby produc- 
ing magnetic flux (B) between each primary element 
and the secondary element and inducing current in 
the secondary element. The vector cross-product of 
current density (J) of the secondary element and the 
magnetic flux density (B) provides motive force (F), as 
in a conventional AC induction motor, for moving the 
housing upwardly and downwardly (Fig. 4 demons- 
trates upward motion of the housing). 

The guide rollers 70, 72 and the primary elements 
are configured such that the load due to the magnetic 
attractive forces of the primary elements is transmit- 
ted in a balanced, opposing manner to the secondary 
element The first guide rollers 70 ride up and down 
the first bus bar 74 and the guide rollers 72 ride up and 
down the first and second plates 96, 98. 

Although, the invention has been shown and des- 
cribed with respect to a preferred embodiment 
thereof, it should be understood by those of ordinary 
skill in the art that various omissions, changes and 
additions in the form and detail thereof may be made 
without departing from the scope of the invention as 
defined by the claims. 


Claims 

1- An elevator for use within a hoistway (24), said 
elevator comprising: 
a car (14), 

a motor (12) comprising: 
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a secondary assembly having: 

a support (20) attaching to said 
hoistway and extending therefrom, and 

a flat secondary element (28) 
supported by an edge thereof from said support 5 
(20), said secondary element having a first side 
and a second side, and 

a primary assembly (38) having: 

a first primary element (30) dis- 
posed adjacent said first side, and being sepa- 10 
rated from said first side by an air gap, and 

a second primary element (32) 
disposed adjacent said second side, and being 
separated from said second side by an air gap, 
and 15 

a rope (16) attaching to said car (14) and 
to said primary assembly (38) such that motion of 
said primaly assembly induces concomitant 
motion of said car. 

20 

The elevator of claim 1 wherein said primary 
assembly (38) further comprises: 

a frame (26) having a first structure 
(56,58,68) for supporting said first primary ele- 
ment (30) adjacent said first side, and a second 25 
structure (60,62,64,68) for supporting said sec- 
ond primary element (32) adjacent said second 
side, and 

guide means (42) attaching to said frame 
(26) beyond either edge of said flat secondary 30 
element (28) for guiding said primary assembly 
(38) upwardly and downwardly in said hoistway 
.(24). 

The elevator of claim 2 wherein said primary 35 
assembly (38) further comprises: 

a first counterweight assembly (36) and a 
second counterweight assembly (40), one of said 
first and second counterweight assemblies 
attaching to one end portion of said frame (26) 40 
and the other of said first and second counter- 
weight assemblies attaching to another end por- 
tion of said frame (26). 

The elevator of claim 2 or 3 wherein said frame 45 
(26) further comprises: 

guide means (70,72) attaching to said first 
and second structures and abutting either of said 
secondary element (28) or said support (20) for 
maintaining an air gap between said first and sec- so 
ond primary elements and said first and second 
sides of said secondary element (28). 

The elevator of claim 2, 3 or 4 wherein said frame 
further comprises: 55 

an opening therein through which said 
support extends. 


6. The elevator of claim 5 and claim 3 or 4 wherein 
said first structure (56,58,68) attaches said-first 
and second counterweight assemblies (36,40) 
and 

said second structure (60,62,64,68) 
extends from one of said first and second coun- 
terweights towards said other of said first and 
second counterweights, but does not reach said 
other of said first and second counterweights thus 
creating said opening (69) between said other of 
said first and second counterweights and said 
second structure (60,62,64,68). 

7. A motor for providing motive force to an elevator 
disposed within a hoistway, said motor compris- 
ing: 

a secondary assembly having; . 

a support attaching to said boistway 
and extending therefrom, and 

a flat secondary element supported by 
an edge thereof from said support, said secon- 
dary element having a first side and a second 
side, and 

a primary assembly having; 

a first primary element disposed adja- 
cent said first side, and being separated from said 
first side by an air gap, and 

a second primary element disposed 
adjacent said second side, and being separated 
from said second side by an air gap. 

8. A motor as claimed in claim 7 wherein said prim- 
ary assembly (38) further comprises: 

a frame (26) having first structure 
(56,58,68) for supporting said first primary ele- 
ment (30) adjacent said first side, and a second 
structure (60,62,64,68) for supporting said sec- 
ond primary element (32) adjacent said second 
side, and 

guide means (42) attaching to said frame 
(26) beyond opposite edges of said flat secon- 
dary element (28) for guiding said primary assem- 
bly (38) upwardly and downwardly in said 
hoistway (24). 

9. The motor of claim 8 wherein said primary assem- 
bly further comprises: 

a first counterweight assembly and a sec- 
ond counterweight assembly, one of said first and 
second counterweight assemblies attaching to 
one end portion of said frame and the other of said 
first and second counterweight assemblies 
attaching to another end portion of said frame. 

10. The motor of claim 8 or 9 wherein said frame 
further comprises: 

guide means attaching to said first, and 
second structures and abutting either of said sec- 
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ondary element or said support for maintaining an 
air gap between said first and second primary ele- 
ments and said first and second sides of said sec- 
ondary element. 

11. The motor of claim 8, 9 or 10 wherein said frame 
further comprises: 

an opening therein through which said 
support extends. 


10 


15 

v 

20 


25 


30 


35 


40 


45 


50 


55 


6 


NSDOCID: <EP. 05G39B0A1J_> 



"V~vir\. .cn ncn-aoon a i i ^ 


EP 0 503 980 A1 



>I5U-XDCID: <EP 05039BOA1 I > 



DOCID: <EP 0503980A1 J > 


EP 0 503 980 A1 



EP 0 503 980 A1 



European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 


EP 92 30 2240 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 

Citation of document with indication, where appropriate, 
of relevant passages 

Relevant 
to daim 

CLASSIFICATION OF THE 
APPLICATION (Int. O.S ) 

A 

OE-A-3 422 374 ( HEIDENREICH) 

1.7 

B66B11/04 


* page 7, Una 9 - page 8, line 5; figures 1,2 * 








OE-A-2 002 081 (KLEEMAN'S VE REINIGTE FA8RIEKEN) 
* page 4, line 9 - page 5, line 10; figures 1-5 


GB-A-967 985 (HERBERT MORRIS LIMITED) 

* page 2. line 75 - line 89; figures 12,13 * 

US-A-4 570 753 (QHTA ET AL) 

* column 2. line 50 - column 3, line 33; figures 
1.2 * 


1.7 


1.7 


1.7 


TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 


B66B 
H02K 


The present search report has been drawn up for all 


Plata of tmmck 

THE HAGUE 


Omm mf cenplet 
30 JUNE 

tea eft** Mart* 

1992 

CLEARY F.M. 


CATEGORY OF CITED DOCUMENTS 

T 

: theory or principle underlying the invention 





E 

: earlier patent document, but published on, or 


X : 

particuliriy relevant if taken alone 



after the filing date 



Y: 

particularly relevant if combined with another 

D 

: document dted in the application 



document of the same category 


L 

: document dted for otfc 

>er reasons 


A : 

technological background 






O : 

non-written disclosure 


ft 

: member of the same patent family, corresponding 


P : 

intermediate document 



document 




11 


THIS PAGE BLANK (uspto) 


